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Abstract 41 
The present study was aimed to account an eco-friendly synthesis of iron (Fe), copper (Cu) and 42 
silver (Ag) nanoparticles (NPs) using green tea and black tea leaves extracts. Synthesized NPs 43 
were characterized using SEM, FTIR, EDX and UV/Vis spectroscopy techniques. Antibacterial 44 
activity of NPs was assessed against methicillin- and vancomycin-resistance Staphylococcus 45 
aureus strains. Antifungal activity was investigated against Aspergillus flavus and A. parasiticus 46 
fungal species. Adsorbent capability with aflatoxin B1 (AFB1) was also assessed in solution. Ag-47 
NPs showed superior antibacterial/antifungal activities and reduced the aflatoxins production in 48 
comparison to Fe-NPs and Cu-NPs. Adsorption capability of all NPs with AFB1 contamination 49 
was found in the order of Fe-NPs>Cu-NPs>Ag-NPs. The equilibrium data showed the 50 
favorability of Langmuir isotherm with the adsorption capacity (131−139 ng/mg), Cu-NPs 51 
(114−118 ng/mg) and Ag-NPs (110−115 ng/mg). Thermodynamic parameters and kinetic studies 52 
revealed that adsorption process is spontaneous, endothermic and followed the pseudo-second 53 
order. These results suggest that the synthesized NPs could be effectively utilize as an alternative 54 
antibacterial/antifungal agent against diseases caused by multiple drug resistant pathogens. In 55 
addition, these metal NPs may be utilize as a possible aflatoxins adsorbent in human food and 56 
animal feed such as rice, wheat, maize, red chillies and poultry feed. 57 
 58 
Key words: Green synthesis, Metal nanoparticles, Antibacterial, Antifungal, Adsorption  59 
 60 
 61 
 
62 
 
63 
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 1. Introduction 64 
Antibiotic resistance bacterial and fungal strains pose a serious threat to the human health 65 
globally. Staphylococcus aureus (SA) which is a gram-positive bacterial strain is historically 66 
been a major human pathogen and continues to be one of the most commonly implicated bacteria 67 
causing human disease (Diekema, Pfaller, & Schmitz, 2001). However, the greenish-grey moulds 68 
Aspergillus (A.) species being responsible to produce toxic compounds known as aflatoxins 69 
(AFs). These AFs are reported as carcinogenic, mutagenic, immunosuppressive hepato-toxic and 70 
neoplastic (Asghar, Iqbal, Ahmed, & Khan, 2014). Agricultural commodities are vulnerable to A. 71 
moulds and could be contaminated during different stages of harvesting, storage and 72 
transportation.  73 
Therefore, extensive methodologies have been developed for the reduction of the above 74 
mentioned contaminants. These include exposure to UV-/gamma radiation, dry-/microwave 75 
heating, treatment with various chemical agents and herbal extract (Khiralla, & El-Deeb, 2015; 76 
Saladino, et al., 2012; Tripathi, & Mishra, 2009). However, the majority of listed methods are 77 
associated with certain drawbacks such as limited scope, unfulfilled performance, cost un-78 
effectiveness and time consumption.  79 
Currently, nanotechnology has gained considerable attention due to unique properties attributed 80 
to the size distribution and morphology of nanoparticles (NPs). Nanotechnology has found a 81 
wide acceptance in numerous in-vitro and in-vivo applications (Vaseeharan, Ramasamy, & Chen, 82 
2010; Chinen, et al., 2015). Metal NPs can be synthesized using conventional or unconventional 83 
methods. Different methods such as solution, chemical / photochemical reactions, thermal 84 
decomposition, electrochemical and sonication are commonly used to synthesize the metal NPs 85 
(Sutradhar, Saha, & Maiti, 2014; Rajput, 2015).  86 
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However, most of the developed methods are associated with certain disadvantages such as 87 
involvement of hazardous chemicals, high energy requirements, increased the environmental 88 
toxicity, and cost un-effectiveness. Different authors suggested numerous synthesis routes using 89 
plant extracts as reducing agents in a biosynthesis or so-called green synthesis scheme for metals 90 
NPs (Nakhjavani, Nikkhah, Sarafraz, Shoja, & Sarafraz, 2017; Senthilkumar, & Sivakumar, 91 
2014). Green synthesis has multiple advantages over physical and classical methods. For 92 
instance, it is cost effective, eco–friendly and does not require high pressure, energy, temperature 93 
or the use of toxic chemical reagents.  94 
Plants contain a vast range of secondary metabolites such as phenolics, terpenoids, 95 
polysaccharides and flavonoids, having redox capacity. Thus, ideally be used for the biosynthesis 96 
of NPs (Sun et al., 2014). Green and black tea is products obtained from Camellia sinensis that 97 
grows in tropical and temperate regions of Asia mainly in China, India and Sri Lanka. Camellia 98 
sinensis is a rich source of polyphenols and its bio- molecules act as reducing and capping agents 99 
during the synthesis of metal NPs (Shah, Boruah, & Parween, 2015). In comparison to published 100 
reports on the green production of NPs and physical and chemical properties, very limited 101 
information is available on the antibacterial and antifungal properties of metal NPs. However, 102 
the use of metal NPs has not been evaluated yet as AFs adsorbent.  103 
Therefore, the present study was carried out on one hand to synthesize and characterize iron, 104 
copper and silver nanoparticles using green and black tea leaves extracts. On the other hand, 105 
antibacterial, antifungal and AFB1 adsorption activities were evaluated. Furthermore, the 106 
mechanism of adsorption process was studied by the evaluation of adsorption isotherms models, 107 
kinetics and thermodynamic parameters. In addition, the effect of green and black leaves extracts 108 
on the formation of metal nanoparticles and the effect of iron, copper and silver metal 109 
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nanoparticles on the antibacterial, antifungal and adsorption activities were also compared 110 
among each other. This study might be the first comprehensive report on the detailed evaluation 111 
of properties owing to the metal nanoparticles. 112 
 113 
 114 
 115 
 116 
 117 
 118 
 119 
 120 
 121 
 122 
 123 
 124 
 125 
 126 
 127 
 128 
 129 
 130 
 131 
 132 
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2. Materials and methods 133 
 134 
2.1. Materials 135 
Aflatoxins (B1, B2, G1 and G2) standards separately in acetonitrile solution were purchased from 136 
Biopure (Vienna, Austria). Analytical grade acetonitrile (ACN) and methanol (MeOH) were 137 
acquired from Merck (Darmstadt, Germany). Copper (II) sulphate pentahydrate (CuSO4), ferric 138 
(III) chloride (FeCl3), nitric acid (HNO3), potassium bromide (KBr) and silver nitrate (AgNO3) 139 
were obtained from Sigma-Aldrich (St. Louis, MO, USA). Czapak dox liquid (CZK) medium, 140 
Mueller-Hinton agar (AG), nutrient broth (NB), phosphate buffer saline (PBS) tablets (pH 7.4 ± 141 
0.2) and potato dextrose agar (PDA) media were purchased from Oxoid (Hampshire, UK). De-142 
ionized water (DI-H2O) (18 MΩ•cm) was prepared through a Purelab UltraTM water system from 143 
ELGA (High Wycombe, UK). 144 
 145 
2.2. Synthesis of metals nanoparticles  146 
The synthesis of iron, copper and silver nanoparticles (NPs) was carried out using green and 147 
black tea leaves extracts according to the method described by Huang, Weng, Chen, Megharaj, & 148 
Naidu (2014) with some modifications. The parameters for the synthesis of all metal NPs are 149 
presented in Table S1 (Supplementary data).  150 
 151 
2.2.1. Preparation of green and black tea leaves extracts 152 
Green and black tea leaves were purchased from local market of Karachi-Pakistan. The 153 
packaging shelf-life and fundamental characterization details of the collected green and black tea 154 
leaves is presented in Table S2 (Supplementary data). The leaves extracts of each tea were 155 
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prepared separately by exactly weighing 10 g of tea leaves and transferred into 250 ml conical 156 
flask already containing 100 mL of DI-H2O. The mixtures were then heated at 80 oC for 20 min, 157 
cooled and filtered using Whatman no. 1 filter paper. Filtrates were stored at 4 oC and used 158 
within one week. 159 
 160 
2.2.2. Synthesis of iron nanoparticles  161 
Iron nanoparticles using green tea (GT-Fe-NPs) and black tea (BT-Fe-NPs) were synthesized by 162 
adding the corresponding tea leaves extracts to FeCl3 solution. Briefly, 1 mmol/L of FeCl3 was 163 
added separately to each plant extract in a ratio of 1:1 by volume and stirred using a mechanical 164 
stirrer at room temperature. The immediate appearance of black precipitate indicated the 165 
reduction of Fe2+ ions. The precipitates were then centrifuged at 10,000 rpm for 10 min, washed 166 
three times with DI-H2O to remove any unbound biological molecules. Finally, Fe-NPs were 167 
dried at 65 oC in a vacuum oven for 3 hours.  168 
 169 
2.2.3. Synthesis of copper nanoparticles  170 
Copper nanoparticles from green tea (GT-Cu-NPs) and black tea (BT-Cu-NPs) were synthesized 171 
using CuSO4 solution with the corresponding tea leaves extract. In brief, CuSO4 (1 mmol/L) and 172 
each tea leaves extract was taken in 4:1 ratio by volume and the solution was subjected to 173 
continuous stirring at 80 oC temperature for 10 min. The resulting suspensions were left at room 174 
temperature for 24 hours to complete reaction and separated using the above mentioned protocol.  175 
 176 
 177 
 178 
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2.2.4. Synthesis of silver nanoparticles  179 
Silver nanoparticles using green tea (GT-Ag-NPs) and black tea (BT-Ag-NPs) were synthesized 180 
by adding the corresponding tea leaves extracts to 1 mmol/L of the AgNO3 aqueous solution 181 
with a volume ratio of 9:1. The mixtures were continuously stirred at room temperature and left 182 
for 24 hours at room temperature in dark to avoid photo activation of AgNO3 and separated using 183 
the above mentioned protocol.  184 
 185 
2.3. Characterization of metals nanoparticles 186 
The pH of the solutions before and after reduction was determined using Digital pH meter 187 
(Orion). The structural, functional and optical properties of all synthesized NPs were 188 
characterized using scanning electron microscope (SEM), Fourier-transform infrared 189 
spectroscopy (FTIR), energy-dispersive x-ray (EDX) and UV/Vis spectroscopy. 190 
The morphology and size of the synthesized metal NPs were studied using SEM analysis (Model 191 
# JSM 6380A, JEOL Ltd, Japan). The presence of functional groups or identification of chemical 192 
bonding in NPs was evaluated using FTIR analysis (Perkin-Elmer Inc, Waltham, MA). The 193 
spectral operational range was operated at 500−4000/cm. Elemental composition confirmation 194 
was done using EDX spectroscopy (Model # EX-54175JMU) between 0 and 10 kV. Optical 195 
properties of NPs were analyzed using UV/Vis absorption double beam spectrophotometer 196 
(Model # UV-1700 Parma Spec., Shimadzu, Japan) within 200–600 nm wavelength range.  197 
 198 
2.4. Antibacterial activity of metals nanoparticles 199 
The antibacterial activity of all metal NPs was evaluated against gram positive bacterial strains 200 
methicillin- and vancomycin-resistance Staphylococcus aureus. Bacterial strains were obtained 201 
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from the laboratory of Dr. A.Q. Khan Institute of Biotechnology & Genetic Engineering 202 
(KIBGE), University of Karachi-Pakistan. The collected strains were re-generated by 203 
transferring of 200 µL of each culture into separate tubes already contain 10 mL of nutrient broth 204 
(0.8%, w/v). The antibacterial activity was assessed using Oxford cup diffusion inhibition assay 205 
with some modifications (Khan et al., 2017). Briefly, the test strains were grown in NB (0.8%, 206 
w/v) overnight and diluted into the same broth to reach 0.2 OD600 approximately 106 cfu/mL 207 
using double beam spectrophotometer (Model # UV-1700 Parma Spec., Shimadzu, Tokyo, 208 
Japan). A lawn of each bacterial culture was prepared by spreading diluted culture on 1.5 % 209 
(w/v) nutrient agar plates by the sterile cotton stick. Sterile Oxford cups were placed on the top 210 
of agar with test strain, then 50 µL of 1 mg/mL (50 µg) each NPs solution was poured into each 211 
Oxford cup. The plates were then allowed to stand for 20−25 min for diffusion; after that all 212 
plates were incubated for 24 h at 37 ± 2 °C. Vancomycin (30 µg) and cefoxitin (30 µg) 213 
antibiotics discs from Oxoid (Hampshire, UK) were used as controls. The zone of inhibition 214 
produced by Vancomycin and Cefoxitin was 8- and 0 mm, respectively. The clear zone around 215 
the Oxford cup in the test strain lawn was regarded as an antimicrobial activity of NPs. The 216 
inhibition zone diameter (mm) was measured by calliper in triplicates and reported as mean ± 217 
SEM. 218 
 219 
2.4.1. Minimum inhibitory concentration (MIC)  220 
MIC of all NPs was determined by the broth dilution method as recommended by the Clinical 221 
and Laboratory Standards Institute (CLSI, 2012). Briefly, two-fold serial dilutions in the range of 222 
1–512 µg/mL of each NPs solution were prepared in NB (0.8%, w/v). All tubes were sterilized at 223 
121 oC for 15 min using Rexall autoclave. An equal volume (25 µL; approximately 106 224 
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CFU/mL) of bacterial inoculums was inoculated to each tube of the serial compound dilutions. 225 
All tubes were incubated under agitation (120 rpm) at 37 ± 2 oC in a thermo shaker for 24 hours. 226 
After the incubation period, 200 µL of each suspension was transferred in to sterilize 98-well 227 
ELISA plates. Optical densities (ODs) were recorded using an ELISA plate reader (Infinite 200; 228 
Tecan Systems, Inc, USA) at 600 nm. The experiments were also performed with the positive 229 
control (flask containing NPs) and a negative control (flask containing inoculums). The ODs 230 
values for positive controls were compared with the experimental values and reported as mean ± 231 
SD. 232 
 233 
2.5. Antifungal activity of metals nanoparticles 234 
The antifungal effect of all synthesized nanoparticles on the growth of Aspergillus flavus and A. 235 
parasiticus strains and AFs production was studied in cultural filtrates as reported earlier 236 
(Hassan, Howayda, & Mahmoud, 2013). The toxigenic strains were isolated from various food 237 
and feed (n = 25) samples according to the method described in bacteriological analytical manual 238 
(BAM) (Valerie, Stack, Mislivec, Koch, & Bandler, 2001). Briefly, 25g of each homogenized 239 
representative sample was dispersed in 0.1% (w/v) peptone in 1:103 dilutions. One mL of each 240 
dilution solution was inoculated to petri plates containing PDA and incubated at 25 oC for 7 241 
days. After incubation period, suspected colonies of A. species were sub-cultured and examined. 242 
The isolation and characterization of A. species was performed on the basis of colony colour, 243 
growth pattern, morphological and microscopic characteristics. However, the mycelial of fungus 244 
were screened through polymerase chain reaction (PCR) technique for the presence of 3 different 245 
genes (ver-1, apa-2 and omt-1) as described by Ibrahim et al., (2016) (Table S3, Supplementary 246 
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data). These genes were identified to be responsible for the production of AFs biosynthetic 247 
pathway. 248 
The isolated strains were utilized for the assessment of antifungal activity of each metal NPs. 249 
The strains of A. species were streaked into fresh PDA slants from petri plates and incubated at 250 
25 ± 2 °C for 5–7 days. About 5 mL of sterilized H2O was added in to PDA slant and spore 251 
suspension adjusted to be approximately (106 spores/mL) using haemocytometer. An equal 252 
volume (1 mL; approximately 106 spores/mL) of each toxigenic A. strains was inoculated in 100 253 
mL of sterilized CZK medium. Four different concentrations (10-, 25-, 50-, 100 µg/mL) of each 254 
NPs was prepared in DI-H2O and sterilized. The suspensions were incubated at 25 ± 2 oC for 15 255 
days in the dark. Positive control (contained spore suspension) and negative control (contained 256 
only NPs) were also prepared at the same time. After the incubation period, the content of each 257 
flask was homogenized at 5000 rpm for 2 min using an explosion-proof blender (Model # 8018; 258 
Ebarch, USA) and filtered through Whatman no. 1 filter paper. The filtrates were subjected to the 259 
measurement of the AFs levels using HPLC technique as mentioned below.  260 
 261 
2.6. Aflatoxins (AFs) quantification using HPLC 262 
The AFs quantification was carried out as per described previous method (Asghar et al., 2017). 263 
In brief, AFs were extracted three times with 100 mL of MeOH:DI-H2O (80:20, v/v) from 264 
culture filtrates and filtered through Whatman no. 4 filter paper. The purification of AFs was 265 
performed using AflaStarTM immunoaffinity column (IACs) (cat. # COIAC1001; Romer Labs., 266 
Austria). An aliquot of 2 mL was diluted with 48 mL PBS (pH 7.4) solution and applied to IACs 267 
column at a flow rate of 1 drop/s. The columns were washed with 20 mL of PBS (pH 7.4) 268 
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solution and AFs were eluted in amber vials with 1.5 mL of MeOH followed by 1.5 mL of DI-269 
H2O.  270 
Chromatographic analysis was performed using HPLC system with post-column derivatization 271 
and a fluorescence detector. The HPLC system consisted of a VWR-Hitachi (Tokyo, Japan) 272 
system equipped with a pump (Model # L-2130), an auto-sampler (Model # L-2200) and a 273 
fluorescence detector (Model # L-2480). A column thermostat was from Jones-Chromatography 274 
(UK), the analytical column for HPLC (LiChroCART® 100 Å RP-18, 5 µm, 250 × 4.0 mm) from 275 
Merck (Darmstadt Germany) and an electrochemical bromine derivatization cell (Kobra Cell™) 276 
were obtained from R-Biopharm (Glasgow, Scotland). Kobra Cell™ was operated at a constant 277 
current of 100 mA throughout the analysis. The mobile phase composition was 278 
MeOH:ACN:H2O (17.5:17.5:65 v/v) containing 119 mg/L of KBr and 154 ml/L of HNO3 with 279 
flow rate 1 mL/min. The excitation and emission wavelength were adjusted at 362 and 425 nm. 280 
All four AFs (B1, B2, G1, G2) peaks were well resolved within 12 min. 281 
 282 
2.7. Aflatoxins B1 adsorption study with metals nanoparticles 283 
The adsorption of aflatoxins B1 (AFB1) with each NPs was performed as per earlier described 284 
method (Asghar et al., 2015). The optimization of the process was carried out under the varying 285 
conditions such as the amount of each NPs, the initial concentration of AFB1, pH, interaction 286 
time and temperature. The adsorption isotherms models, kinetics and thermodynamic parameters 287 
were also studied to evaluate the mechanism of the adsorption process. 288 
The effect of each NPs amount on the adsorption process was carried out using 100 ng/mL of 289 
AFB1. A serial concentration of each NPs in the range of 0.1−5 mg/mL was prepared in DI-H2O 290 
and added into the separate flasks. All samples were agitated at 150 rpm for 120 min on a thermo 291 
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shaker (Innova 4060 Shaker, New Brunswick Scientific) at 37 ± 2 oC. After incubation, all NPs 292 
were separated using centrifugation at 10,000 rpm for 2 min. The supernatant was collected and 293 
un-bound AFB1 was purified using IACs column and analyzed by HPLC as described above.  294 
The adsorption isotherm and effect of initial concentrations of AFB1 on the adsorption process 295 
was assessed in the range of 20−200 ng/mL. The AFB1 concentrations were measured, at time 296 
t=0 and at equilibrium using HPLC as mentioned above protocol.  297 
The pH effect on the adsorption of AFB1 by each NPs was evaluated at pH 1, 3, 5, 7 and 9. The 298 
kinetic studies and influences of incubation time on the adsorption process were performed as 299 
similar to those of equilibrium study. At the predetermined time, samples were collected for 300 
centrifugation and the concentration of AFB1 was analyzed using above mentioned procedure. 301 
The amount of AFB1, at time t = 0 and time t, Qt (ng/µg) was calculated. 302 
The thermodynamic parameters and effect of incubation temperature on the adsorption process 303 
were carried out in the range of 10−45 oC. All parameters were maintained as described in 304 
equilibrium study. All experiments were performed in triplicate. In addition, the validation of 305 
entire process was evaluated using the concentration of AFB1 with and without NPs. The 306 
experiments without NPs act as a positive control. Whereas, another flask containing NPs, but 307 
without AFB1, served as a negative control. 308 
 309 
2.8. Statistical analysis 310 
All experimental data was reported as the mean ± standard deviation (SD) using SPSS software 311 
(IBM, PASW 117 Statistics 19, USA). The differences in antibacterial and antifungal activities 312 
of all nanoparticles synthesized using green tea or black tea leaves extracts were compared by 313 
ANOVA in GraphPad Prism 7 software. P < 0.05 was considered statistically significant.  314 
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3. Results and discussion 315 
 316 
3.1. Synthesis and characterization of metals nanoparticles  317 
The formation of nanoparticles (NPs) was indicated by the colour change in the reaction 318 
mixtures. This change in colour was due to surface plasma resonance and reduction of metal ions 319 
by tea leaves extract. For instance, the colour of the FeCl3/tea leaves extract solution changed 320 
from yellow to black suspended mixture very rapidly. The initial blue color of the reaction 321 
mixture CuSO4/tea leaves extract solution eventually turned to dark brown color. The color of 322 
the reaction mixture AgNO3/tea leaves extract solution gradually changed from light silver to 323 
light brown and eventually to brownish black (Fig. 1). These color changes indicate the 324 
formation of NPs in the solution. The possible mechanism for the formation of NPs as mentioned 325 
below (Keihan, Veisi, & Veasi, 2016): 326 
 327 
                     Eq. 1 328 
 329 
Where, 330 
n is the number of groups oxidized by metals ions, M is the metal ions and Ar shows the aromatic 331 
ring. The formation of NPs was further confirmed by the change in pH of the solutions. The pH 332 
of the NPs solution was recorded prior and post reduction (Table 1). Pre-/post reduction pH was 333 
found in the acidic range. However, the pH of every sample was found to decrease during 334 
reduction and shifted to the acidic range.  335 
The SEM images of all synthesized NPs are presented in Fig. 2(A−F). SEM images clearly 336 
showed that Fe-NPs, Cu-NPs and Ag-NPs were agglomerated and spherical shaped with a 337 
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diameter ranging from 42−60-, 26−40- and 10−20 nm, respectively. The variation in the NPs size 338 
distribution might be due to the diverse reducing properties of various naturally derived 339 
compounds prevalent in the green and black tea leaf extracts. Tea leaf contains polyphenols, 340 
caffeine and terpenoids, which have bactericidal and antioxidant activity and several other useful 341 
properties (Sivamani et al., 2013). These contents in tea leaf extracts act as reducing and capping 342 
agents for the synthesis of metal NPs. Thus, plays a key role in the formation of the final 343 
structure and NPs size.  344 
FTIR spectra of GT-Fe-NPs and BT-Fe-NPs are presented in Fig. S1(A,B) (Supplementary 345 
data). O−H stretching vibrations of the C−OH groups and H2O were observed at 3419/cm and 346 
3373/cm. Similarly, vibrations at 2927/cm and 2926/cm were observed due to CH2 stretching. 347 
Whereas, C=C stretching was observed at 1627/cm. In addition, C−O−C absorption peaks of the 348 
carboxylic acid present at the edges of GT-Fe-NPs and BT-Fe-NPs were observed at 1029/cm 349 
and 1089/cm, respectively.  350 
FTIR spectrum of GT-Cu-NPs and BT-Cu-NPs are represented in Fig. S1(C,D) (Supplementary 351 
data). The broad peaks at 3410/cm and 3433/cm indicated the O–H groups present on the surface 352 
of the Cu-NPs. The peak at 2926/cm attributed to the symmetric and asymmetric C–H stretching 353 
vibration of flavonoids/phenolic, respectively. The peak at 1641/cm and 1635/cm represented the 354 
un-reacted ketone group suggesting the presence of flavonones adsorbed on the surface of Cu-355 
NPs. Whereas, the peak at 1452/cm and 1454/cm showed the C‚C stretch in aromatic rings. The 356 
peaks at 1371/cm and 1381/cm indicated the O–H bend of polyphenol, confirming the presence 357 
of an aromatic group. The absorption peaks at 1033/cm and 1087/cm were assigned for C–O–C 358 
and secondary –OH of the phenolic group in GT-Cu-NPs and BT-Cu-NPs, respectively.  359 
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FTIR spectra of the synthesized GT-Ag-NPs and BT-Ag-NPs are shown in Fig. S1(E,F) 360 
(Supplementary data). The broad peak appeared at 3433/cm and 3421/cm can be attributed to the 361 
O−H from hydroxyl groups, to be expected present in the plant material. The absorption peaks at 362 
2922/cm are C−H stretching modes from hydrocarbon chains. The peak at 1664/cm and 1647/cm 363 
are designated as the stretching vibration of C‚O bond. Peaks due to C−O−H bending vibrations 364 
appeared near 1440/cm and 1450/cm in GT-Ag-NPs and BT-Ag-NPs, respectively. 365 
The localized elemental information of all NPs determined by EDX is presented in Fig. S2(A−F) 366 
(Supplementary data). The spectra results showed successfully formation of NPs. However, the 367 
presence of small impurities supposed to arise from plant constituents.  368 
The UV/Vis spectrums of all synthesized NPs are presented in Fig. S3(A−C) (Supplementary 369 
data). All spectra show only one sharp peak, no other measurable peak was observed. This peak 370 
can be assigned to the absorption of Fe-NPs, Cu-NPs and Ag-NPs and confirms the formation of 371 
NPs only. This is due to the surface plasmon resonance (SPR) and proving that the protein found 372 
in the leaves acts as a template and a stabilizer in the synthesis process. 373 
 374 
3.2. Antibacterial activity of metal nanoparticles 375 
The zone of inhibition produced by different metal NPs are presented in Fig. 3(A,B) against 376 
methicillin- and vancomycin-resistance Staphylococcus aureus, respectively. However, the 377 
values of the zone of inhibition and MIC are tabulated in Table 2. The antibacterial activity was 378 
in the order Ag-NPs>Cu-NPs>Fe-NPs both synthesized using green and black tea leaves extract.  379 
The zone of inhibition produced by Fe-NPs, Cu-NPs and Ag-NPs showed in the range 11−13-, 380 
14−16- and 19−21 mm, respectively. However, the MIC values of Fe-NPs, Cu-NPs and Ag-NPs 381 
were found to be 8-, 32- and 128 µg/mL, respectively. Based on these results, the synthesized 382 
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Ag-NPs have higher antibacterial activity. The reason was smaller size of Ag-NPs in comparison 383 
to Cu-NPs and Fe-NPs. Different author has been reported that the antibacterial activity depends 384 
on the size of NPs and ion release rate due to the easier uptake and larger surface area (Ameer et 385 
al., 2012). It was also observed that no significant differences (at p ≤ 0.05) were observed in the 386 
antibacterial activity of all metal nanoparticles synthesized using green tea or black tea leaves 387 
extracts. 388 
A few studies are available to explain the mechanism of bactericidal action of NPs. It has been 389 
reported that the bactericidal effect of NPs is directly proportional to the affinity of NPs with the 390 
surface active groups of bacterial strain (Reidy, Haase, Luch, Dawson, & Lynch, 2013). Various 391 
reports suggested that metal ions released from NPs may connect with the bacterial cell wall 392 
having a negative charge and rupture it. Particles ions interact with DNA and protein 393 
biomolecules, involved in a cross-linking process, in that way distort their helical structures and 394 
interrupt important biochemical processes (Kim, Lee, Ryu, Choi, & Lee, 2011). In addition, the 395 
mechanism underlying behind the antibacterial activity of metal nanoparticles might be via an 396 
oxidative stress generated by Reactive oxygen species (ROS). Partially reduced O2 is highly 397 
reactive and continuously generated as a natural by product of the normal metabolism of oxygen 398 
and have important role in cell signalling and homeostasis. One of the main sources of ROS 399 
within the cell is the mitochondrion, where the superoxide radical •O2− is produced as a by 400 
product of normal oxidative phosphorylation. ROS are also generated during enzymatic 401 
reactions. ROS include radical compounds such as superoxide radicals (O2–), hydroxyl radicals (–402 
OH), hydrogen peroxide (H2O2), and singlet oxygen (1O2), can cause damage to proteins and 403 
DNA in bacteria (Pellieux, Dewilde, Pierlot, & Aubry, 2000). 404 
 405 
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3.3. Antifungal activity of metals nanoparticles 406 
The antifungal activity was in the following order Ag-NPs>Cu-NPs>Fe-NPs both synthesized 407 
using green and black tea. Ag-NPs exhibited a potent antifungal activity against fungal strains 408 
and aflatoxins (AFs) production (Table 3). Different authors reported that the spherical Ag-NPs 409 
showed potent antifungal activity compared with that various metals NPs and commercially 410 
available antifungal agents. The reason is similar as mentioned in the antibacterial activity that 411 
the activity is likely to be well correlated with its decreased size and shape owing to the 412 
increased surface area with enhanced antifungal effect. Furthermore, the antifungal activity of all 413 
metal nanoparticles synthesized using green or black tea leaves extracts were not significantly 414 
different from each other at p ≤ 0.05. 415 
The possible interaction mechanisms of NPs with fungal strains have been reported by different 416 
authors. For instance, Nasrollahi, Pourshamsian, & Mansourkiaee (2011) reported a possible 417 
mode of action of Ag-NPs against fungi, suggested that NPs enter to the cell membrane, 418 
influence the respiratory chain. As a result, cease the cell division resulted in cell death. 419 
Furthermore, NPs interact with protein of fungi, which lead to the inactivation of a protein and 420 
direct interaction with DNA. Consequently, the interaction process generates mutation and DNA 421 
is not able to replicate. In addition, the small size of NPs can easily penetrate the cell wall. This 422 
accretion in the cell membrane can induce the cell lysis. Furthermore, NPs has the ability to 423 
penetrate the fungal spores through a cell membrane, an electron-light region appeared in the 424 
center of the cell, with condensed DNA molecules positioned in the center of it and NPs detected 425 
inside the cell. Then particles interfere with respiratory sequence and finally, cell division is 426 
completely blocked, leading to cell death (Stoimenov, Klinger, Marchin, & Klabunde, 2004).  427 
 428 
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3.4. Aflatoxins B1 adsorption study with metals nanoparticles 429 
The comparative study of aflatoxins B1 (AFB1) adsorption with all NPs was studied. The 430 
complex of AFB1with nanoparticles was stable and no significant difference was observed in the 431 
adsorption capability of all NPs till one month. Moreover, the adsorption process was optimized 432 
under the varying conditions such as the alteration in the amount of each metal NPs, the initial 433 
concentration of AFB1, pH, interaction time and temperature. In addition, the adsorption 434 
activities of all metal NPs synthesized using green or black tea leaves extracts were not 435 
significantly different from each other at p ≤ 0.05. This indicated that the produced metal NPs 436 
were quite similar to each other. These outcomes can be explained by the fact that both green and 437 
black tea leaves extracts contains almost similar phytochemical constituents such as polyphenols, 438 
caffeine and terpenoids (Huang, Weng, Chen, Megharaj, & Naidu, 2014). These contents in tea 439 
leaves extracts act as reducing and capping agents for the reduction of metal ions thereby leading 440 
to the formation of metal NPs (Sun et al., 2014). Thus, these phytochemical constituents play a 441 
key role in the formation of the final structure and NPs size. The control samples without green 442 
and black tea leaves extracts were also tested and no AFB1 adsorption was observed. 443 
 444 
3.4.1. Effect of adsorbent amount 445 
The effect of each NPs amount on the AFB1 adsorption is presented in Fig. 4(A,B). The results 446 
indicated that the AFB1 reduction was directly proportional to the amount of NPs. The 447 
adsorption rate was in the order Fe-NPs>Cu-NPs>Ag-NPs both synthesized using green and 448 
black tea. It has been previously reported previously that the dose-response relationship exists 449 
between adsorbent and adsorbate. The present study was with accordance the previous study 450 
(Grant, & Phillips, 1998). The underline reason is that the higher amount of adsorbent provides 451 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Page 20 of 31 
 
huge surface area and offered more unsaturated adsorption sites for adsorbate. Therefore, this 452 
phenomenon provides easier adsorption for adsorbate to an adsorbent. 453 
 454 
3.4.2. Effect of initial concentration of AFB1 455 
The adsorption of AFB1 on interaction with synthesized metal NPs was found gradually 456 
decreased as the initial concentration of AFB1 increased (Fig. 5(A,B)). The reason might be the 457 
adsorption sites of each NPs were slightly occupied at low concentration of AFB1 and a large 458 
number of vacant surface sites were available for adsorption. In case of higher concentration of 459 
AFB1, more adsorption sites were occupied and no vacant sites were available for further 460 
adsorption. As a result, a gradual decrease in the adsorption rate was recorded. Moreover, the 461 
physical and chemical characteristic of AFB1 might play a vital role in the adsorption process. 462 
 463 
3.4.3. Effect of pH 464 
The effect of pH on the adsorption of AFB1 with each NPs is presented in Fig. 5(C,D). Achieved 465 
results indicated that higher adsorption of AFB1 was achieved with an increase in the solution 466 
pH. The variation in adsorption might depend on two factors: i) at pH 3, the H+ concentration in 467 
the solution was very high that enhance the electrostatic attraction between H+  of solution and 468 
adsorbent. As a result, the competition was increased for adsorption sites between H+ and 469 
adsorbate; ii) at higher pH (10) H+ of active groups can be easily dissociated and provided more 470 
adsorption sites (Sheng-Qun, Xing-Zuo, & An-Guo, 2009). The achieved results in the present 471 
study were comparable with the above mentioned previous study. Furthermore, the same 472 
behavior was observed in all NPs synthesized using green tea or black tea. 473 
 474 
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3.4.4. Effect of interaction time 475 
The adsorption of AFB1 on all synthesized metal NPs was found dependent on incubation time. 476 
Thus, longer incubation time resulted in higher AFB1 adsorption as represented in Fig. 6(A,B). 477 
The results demonstrated that the spontaneous adsorption process was actually responsible for 478 
the reduction of AFB1 content. The linear relation among the rate of adsorption process and 479 
incubation time illustrates that process is based on the electrostatic attraction. The longer time 480 
might promote the ions access to the active sites on the adsorbent surface; as a result the higher 481 
adsorption rate was achieved. Furthermore, the adsorption rate was found higher in Fe-NPs in 482 
comparison with Cu-NPs and Ag-NPs, which can be attributed to its larger inter-lamellar spacing 483 
that is favorable to the diffusion of AFB1 molecules. A rapid uptake of adsorption process and 484 
establishment of absorption equilibrium in a short period are significant finding.  485 
 486 
3.4.5. Effect of incubation temperature 487 
The effect of different incubation temperatures of the solution is shown in Fig. 6(C,D). The 488 
results revealed that the temperature had a strong influence on the adsorption process. The reason 489 
might be the increased the mobility of the AFB1 and increase in the in the number of active 490 
adsorption sites on the NPs surface with increasing temperature. Increasing temperature may 491 
increase the adsorptive forces between the AFB1 molecules and the active sites on the NPs 492 
surface as a result of increasing adsorption efficiency. In addition, the increase in the percentage 493 
adsorption of AFB1 with increasing temperature is due to the stringing of the sorptive forces 494 
between the active sites on the sorbent and the AFB1 species and also between adjacent AFB1 495 
molecules on the adsorbed phase (Thieu, & Pettersson, 2008). The results also indicated that the 496 
adsorption process was endothermic in nature. 497 
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3.5. Adsorption isotherms study 498 
Langmuir isotherm can be expressed as (Langmuir, 1916): 499 
 500 
 501 
Where,  502 
Qmax is the capacity of a monolayer (mg/g) and b (ng/mL) is the Langmuir constant. The Qmax 503 
and b values were evaluated using intercept and slope of the graph between Ce/Qe and Ce, 504 
respectively. 505 
Freundlich isotherms can be expressed as (Freundlich, 1906): 506 
 507 
 508 
 509 
Where,  510 
KF and n are Freundlich constants that indicate the sorption capacity and intensity, respectively. 511 
The KF and n values were calculated from the intercept and slope of the plot between log Qe and 512 
log Ce, respectively.  513 
Dubinin-Radushkevich (D-R) isotherm can be expressed as (Dubinin, 1960): 514 
 515 
 516 
 517 
Where,  518 
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K and ε are constants related to adsorption energy and the potential, respectively. The values of 519 
K and Qmax were obtained from the slope and intercept using the plot between lnCe versus ε2, 520 
respectively. 521 
The isotherm constants and determination coefficients (R2) values are presented in Table S4 522 
(Supplementary data). The R2 and theoretical and experimental Qe values were used to find out 523 
the best equilibrium model. The results showed that higher R2 was found in Langmuir isotherm 524 
model in comparison to Freundlich and D-R isotherm models. Furthermore, the experimental and 525 
calculated Qe values of Langmuir model was found in good agreement with each other. 526 
Therefore, Langmuir isotherm model was considered best fit for the adsorption of AFB1 with all 527 
NPs and confirms the monolayer coverage process. The achieved results may be due to the 528 
homogeneous distribution of active sites on the edge NPs.  529 
 530 
3.6. Kinetic study 531 
The mathematical expression of pseudo-first order kinetic is represented by the following linear 532 
form (Lagergren, 1989). 533 
 534 
 535 
 536 
Where, 537 
K1 is the Lagergren rate constant of adsorption (1/min).  The K1 and Qe values were calculated 538 
from the slope and intercept of the graph between log (Qe-Qt) against time (t), respectively. The 539 
pseudo-second order model equation can be express as follow (Ho, & McKay, 1999).  540 
 541 
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 542 
 543 
Where, 544 
K2 is the rate constant of the second-order adsorption (ng/µg. min). The values of Qe and K2 545 
were determined from the slope and intercept of the plot of t/Qt against t, respectively. The 546 
obtained pseudo-first order and pseudo-second order model parameters are tabulated in Table S5 547 
(Supplementary data). The best kinetic model was evaluated on the basis of R2 and theoretical 548 
and experimental Qe values. The results showed that a more linear plot was obtained (R2 values 549 
close to 1) in case of the pseudo second order in all NPs. Furthermore, in comparison of pseudo-550 
first order model, theoretical and experimental Qe values were found in close accordance with 551 
each other in pseudo second order. This confirms that the adsorption data can be well understood 552 
by pseudo-second order model and the nature of adsorption was a chemical-controlling process. 553 
 554 
3.7. Thermodynamic parameters 555 
Thermodynamic parameters were calculated using Van’t Hoff equation at different temperatures: 556 
 557 
Eq. (7) 558 
 559 
Where, 560 
R is the universal gas constant (8.314 J/mol.K), T is the temperature (K) and Kc is the 561 
distribution coefficient. Resulted thermodynamic parameters are presented in Table S6 562 
(Supplementary data). The negative values of ∆G° at different temperatures showed that the 563 
adsorption process was spontaneous in nature. In addition, the ∆G° values were found increased 564 
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with the rise in temperature, indicating that the adsorption was more spontaneously preceded at 565 
higher temperatures. However, the positive values of ∆H° suggested that the interaction of AFB1 566 
adsorbed by the metal NPs was an endothermic process. The positive values of ∆S° indicated 567 
increased randomness at the adsorbent/solution interface during the adsorption process. 568 
 569 
 570 
 571 
 572 
 573 
 574 
 575 
 576 
 577 
 578 
 579 
 580 
 581 
 582 
 583 
 584 
 585 
 586 
 587 
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4. Conclusion 588 
It was concluded that the metal nanoparticles (NPs) can be readily prepared using green and 589 
black tea leaves extract. This is a simple, reliable, green, inexpensive and economical biological 590 
procedure which could promote the industrial production of metal NPs without using any 591 
harmful reducing, capping and dispersing agent. In comparison to Fe- and Cu-, Ag-NPs 592 
synthesized using green tea or black tea showed excellent antibacterial and antifungal property 593 
against Staphylococcus aureus and Aspergillus species. Equilibrium studies showed the 594 
favourability of the Langmuir isotherm model by all synthesized NPs, indicating monolayer 595 
adsorption process. Whereas, thermodynamic and kinetic data showed that the three synthesized 596 
NPs followed a spontaneous endothermic adsorption process and pseudo-second order model, 597 
respectively. Therefore, due to the stable nature and associated antimicrobial properties, it is 598 
suggested that these nanoparticles may be well utilized in numerous biomedical applications, 599 
industrial and remedial purposes. For instance, the synthesized metal nanoparticles could be use 600 
as an effective fungicide in agricultural field to control phytopathogenic fungi in plants and AFs 601 
contamination. It is also suggested that these nanoparticles could also be utilize in the 602 
preparation of new pesticide and fungicide formulations for the better management of associated 603 
plant diseases.  604 
 605 
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Tables Captions and Tables  1 
Table 1. Physical and morphological characterization of the iron, copper and silver 2 
nanoparticles synthesized using green and black tea leaves extract. 3 
Table 2. Antibacterial of iron, copper and silver nanoparticles against methicillin- and 4 
vancomycin-resistance Staphylococcus aureus bacterial strains.  5 
Table 3. Effect of metals nanoparticle concentration on the aflatoxins production by 6 
Aspergillus flavus and Aspergillus parasiticus. 7 
 8 
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Table 1. Physical and morphological characterization of the iron, copper and silver 25 
nanoparticles synthesized using green and black tea leaves extract. 26 
Nanoparticles 
IDs 
Color change 
 
pH change 
Final yield 
(mg) Morphology 
Size 
(nm) 
Plant extract After reduction 
 
Plant 
extract 
After 
reduction 
GT-Fe-NPs Mustard Black 
 
5.16 2.88 87.8 Spherical 42−55 
BT-Fe-NPs Brownish Dark Brown 
 
5.12 3.40 101.6 Spherical 46−60 
GT-Cu-NPs Mustard Brown 
 
5.16 3.64 62.2 Spherical 26−38 
BT-Cu-NPs Brownish Brownish Black 
 
5.12 3.65 78.4 Spherical 32−40 
GT-Ag-NPs Mustard Brownish Black 
 
5.16 2.95 26.5 Spherical 10−15 
BT-Ag-NPs Brownish Brownish Black   5.12 3.04 45.2 Spherical 14−20 
GT-Fe-NPs and BT-Fe-NPs = iron nanoparticles synthesized by green and black tea leaves extract, respectively. 27 
GT-Cu-NPs and BT-Cu-NPs = copper nanoparticles synthesized by green and black tea leaves extract, respectively. 28 
GT-Ag-NPs and BT-Ag-NPs = silver nanoparticles synthesized by green and black tea leaves extract, respectively. 29 
 30 
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Table 2. Antibacterial of iron, copper and silver nanoparticles against methicillin- and 40 
vancomycin-resistance Staphylococcus aureus bacterial strains.  41 
Nanoparticles 
IDs 
Methicillin-resistance Staphylococcus 
aureus  
Vancomycin-resistance Staphylococcus 
aureus  
Zone of inhibition  
(mm ± SEM) 
MIC 
(Mean ± SD) 
      (µg/mL) 
Zone of inhibition  
(mm ± SEM) 
MIC 
(Mean ± SD) 
(µg/mL) 
GT-Fe-NPs 12 ± 0.36 128 ± 2.2 12 ± 0.32 128 ± 1.9 
BT-Fe-NPs 11 ± 0.26 128 ± 2.6 13 ± 0.39 128 ± 2.2 
GT-Cu-NPs 14 ± 0.20 32 ± 1.2 15 ± 0.31 32 ± 1.6 
BT-Cu-NPs 14 ± 0.30 32 ± 1.6 16 ± 0.35 32 ± 1.1 
GT-Ag-NPs 20 ± 0.40 8 ± 0.8 21 ± 0.34 8 ± 0.9 
BT-Ag-NPs 19 ± 0.33 8 ± 1.1 19 ± 0.22 8 ± 1.2 
MIC = Minimum inhibitory concentration, SEM = Standard error mean, SD = Standard deviation. All 42 
experiments were performed in triplicates and reported as mean ± SEM/SD. 43 
The antibacterial activity of all metal nanoparticles synthesized using green or black tea leaves extracts were not 44 
significantly different from each other at p ≤ 0.05. 45 
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Table 3. Effect of metals nanoparticles concentrations on the aflatoxins production by 66 
Aspergillus flavus and Aspergillus parasiticus. 67 
Synthesized 
by 
Concentration 
of 
nanoparticles 
(µg/mL) 
Reduction (%) of aflatoxins after treatment with different concentration of iron, copper 
and silver nanoparticles  
Aspergillus flavus 
 
Aspergillus parasiticus 
GT-Fe-NPs GT-Cu-NPs GT-Ag-NPs 
 
BT-Fe-NPs BT-Cu-NPs BT-Ag-NPs 
 Green Tea 
10 3.2 ± 0.5* 11.3 ± 1.2 50.6 ± 2.1 
 
4.6 ± 0.5 18.4 ± 1.6 48.6 ± 2.1 
25 10.2 ± 0.8 29.5 ± 1.5 67.9 ± 3.2 
 
12.3 ± 1.1 36.0 ± 1.8 65.5 ± 3.2 
50 24.0 ± 1.9 50.8 ± 3.1 81.0 ± 3.0 
 
26.5 ± 1.4 56.2 ± 2.4 77.7 ± 3.0 
100 43.5 ± 1.5 77.2 ± 3.4 100 ± 0.0 
 
51.6 ± 1.6 83.1 ± 2.9 100 ± 0.0 
         
Black Tea 
10 2.5 ± 0.6 13.5 ± 1.9 51.3 ± 1.6 
 
4.9 ± 0.4 20.6 ± 1.8 46.3 ± 1.6 
25 8.9 ± 1.2 32.4 ± 2.4 68.3 ± 3.4 
 
12.4 ± 1.0 38.4 ± 2.6 63.7 ± 3.4 
50 20.4 ± 1.4 50.7 ± 3.0  83.2 ± 2.8 
 
27.1 ± 1.8  57.8 ± 2.4 80.0 ± 2.8 
100 39.2 ± 0.9 77.1 ± 3.7 100 ± 0.0   47.1 ± 3.1 81.6 ± 3.1 100 ± 0.0 
*All experiments were performed in triplicates and reported as mean ± SD. 68 
The antifungal activity of all metal nanoparticles synthesized using green or black tea leaves extracts were not 69 
significantly different from each other at p ≤ 0.05. 70 
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Figure Captions and Figures 1 
Fig. 1. Systematic pathway for the synthesis of iron, copper and silver nanoparticles using 2 
green tea and black tea leaves extract. 3 
Fig. 2. SEM images of metal nanoparticles prepared by green tea and black tea leaves extract 4 
(A) GT-Fe-NPs (B) BT-Fe-NPs (C) GT-Cu-NPs (D) BT-Cu-NPs (E) GT-Ag-NPs and (F) 5 
BT-Ag-NPs. 6 
Fig. 3. Antibacterial activity of iron, copper and silver nanoparticles against Staphylococcus 7 
aureus strains (A) Zone on inhibition against methicillin-resistance Staphylococcus aureus 8 
and (B) Zone on inhibition against vancomycin-resistance Staphylococcus aureus. 9 
Fig. 4. Effect of iron, copper and silver nanoparticles amount on the adsorption of AFB1 at 10 
the given conditions; concentration of AFB1 = 100 ng/mL, incubation time = 45 min, 11 
temperature = 37 ± 2oC (A) prepared by green tea and (B) black tea leaves extract.  12 
          iron nanoparticles    copper nanoparticles   silver nanoparticles 13 
Fig. 5. Effect of initial concentration of AFB1 and pH on the adsorption efficiency of iron, 14 
copper and silver nanoparticles at given conditions, NPs dose = 1.0 mg/mL, time = 45 min, 15 
temperature = 37 ± 2oC (A,C) prepared by green tea and (B,D) black tea leaves extract.  16 
          iron nanoparticles    copper nanoparticles   silver nanoparticles 17 
Fig. 6. Effect of incubation time and temperature on the adsorption of AFB1 on iron, copper 18 
and silver nanoparticles at given conditions, NPs dose = 1.0 mg/mL, concentration of AFB1 = 19 
100 ng/mL, pH = 7, (A,C) synthesized by green tea and (B,D) black tea leaves extract.  20 
          iron nanoparticles    copper nanoparticles   silver nanoparticles 21 
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 25 
Fig. 1. Systematic pathway for the synthesis of iron, copper and silver nanoparticles using 26 
green tea and black tea leaves extract. 27 
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Fig. 2. SEM images of metal nanoparticles prepared by green tea and black tea leaves extract 43 
(A) GT-Fe-NPs (B) BT-Fe-NPs (C) GT-Cu-NPs (D) BT-Cu-NPs (E) GT-Ag-NPs and (F) 44 
BT-Ag-NPs. 45 
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(A)
 
 
(B)
 
 
 56 
Fig. 3. Antibacterial activity of iron, copper and silver nanoparticles against Staphylococcus 57 
aureus strains (A) Zone on inhibition against methicillin-resistance Staphylococcus aureus 58 
and (B) Zone on inhibition against vancomycin-resistance Staphylococcus aureus. 59 
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(A)
 
 
(B)
 
Fig. 4. Effect of iron, copper and silver nanoparticles amount on the adsorption of AFB1 at 68 
the given conditions; concentration of AFB1 = 100 ng/mL, incubation time = 45 min, 69 
temperature = 37 ± 2oC (A) prepared by green tea and (B) black tea leaves extract.  70 
          iron nanoparticles    copper nanoparticles   silver nanoparticles 71 
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(A) 
 
 
           (B) 
 
 
 
(C)
 
           (D) 
 
 
Fig. 5. Effect of initial concentration of AFB1 and pH on the adsorption efficiency of iron, 82 
copper and silver nanoparticles at given conditions, NPs dose = 1.0 mg/mL, time = 45 min, 83 
temperature = 37 ± 2oC (A,C) prepared by green tea and (B,D) black tea leaves extract.  84 
          iron nanoparticles    copper nanoparticles   silver nanoparticles 85 
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            (A)              (B) 92 
 
 
 
  
(C) 
 
 
(D) 
 
Fig. 6. Effect of incubation time and temperature on the adsorption of AFB1 on iron, copper 93 
and silver nanoparticles at given conditions, NPs dose = 1.0 mg/mL, concentration of AFB1 = 94 
100 ng/mL, pH = 7, (A,C) synthesized by green tea and (B,D) black tea leaves extract.  95 
          iron nanoparticles    copper nanoparticles   silver nanoparticles 96 
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Research Highlights 1 
 2 
• Eco-friendly Fe, Cu and Ag NPs were synthesized using green and black tea leaves.  3 
• Antimicrobial activities of NPs were assessed against S. aureus and Aspergillus.  4 
• Ag-NPs showed excellent antibacterial/antifungal activities than Cu-NPs and Fe-NPs. 5 
• Adsorption capability of NPs with aflatoxin B1 was in the following order Fe>Cu>Ag. 6 
• Adsorption mechanism of aflatoxin B1 using all nanoparticles was proposed. 7 
 8 
 9 
